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ABSTRACT 


During  the  Service  Check  Test  of  Meteorological  Meas¬ 
uring  Set  AN/TMQ-22,  a  discrepancy  in  dew  point  tem¬ 
perature  readings  was  noted  between  it  and  the  ML-224 
Sling  Psychrometer.  From  a  series  of  independent  tests 
designed  to  minimize  error  it  was  concluded  that  the 
AN/TMQ-22  yielded  a  more  accurate  dew  point  reading. 

The  average  relative  humidity  error  using  the  sling 
psychrometer  was  + 9 %  while  the  AN/TMQ-22  had  a  + 2 % 
error.  Even  with  cautious  measurement  the  sling"  yielded 
a  +4%  error. 
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INTRODUCTION 


The  Meteorological  Measuring  Set  AN/TMQ-22  (Figure  I)  is  a  small,  port¬ 
able,  surface  weather  observation  set  which  is  capable  of  sensing  air 
temperature,  pressure,  wind  speed  and  direction,  precipitation  and  dew 
point  temperature.  The  latter  is  sensed  with  a  device  following  the 
established  theory  of  Regnault  UD*  A  Peltier  (thermo-electric)  cooler 
is  activated  until  a  visible  formation  of  dew  occurs  on  a  flat  surface. 
The  temperature  of  the  dew- layered  surface  is  then  stabilized  and 
sensed  to  obtain  the  dew  point  temperature. 

The  US  Army  artillery's  present  standard  method  of  obtaining  relative 
humidity  for  rawinsonde  flight  operations  is  the  use  of  a  sling  psy- 
chrometer  (Figure  2).  Basically,  psychrometers  utilize  the  physical 
principle  of  the  cooling  of  a  temperature  sensor  by  evaporation  of  water 
into  the  air.  Numerous  theories  have  been  proposed  concerning  +he 
particular  processes  involved;  however,  none  has  found  complete  accep¬ 
tance.  Nevertheless,  empirical  formulae  for  the  determination  of 
humidity  from  this  phenomenon  have  been  evolved. 

Using  the  sling  psychrometer  as  a  standard  during  the  service  testing 
of  the  AN/TMQ-22,  a  discrepancy  was  noted  between  the  dew  point  read¬ 
ings  from  the  two  devices.  This  report  will  attempt  to  explain  the 
possible  reasons  for  this  discrepancy  and  to  compare  the  accuracy  of 
the  two  methods  of  hygrometry. 


DISCUSSION 

Service  Check  Test  -  Discovery  of  Discrepancy 

During  the  Service  Check  Tests  of  Meteorological  Measuring  Set  AN/TMQ 
-22(XE-4)  a  disagreement  was  noted  between  the  AN/TMQ-22  dew  point 
readings  and  the  test  comparison  standard  sling  psychrometer  (ML-224). 

To  determine  if  the  discrepancy  could  be  attributed  to  a  single  cause, 
a  list  of  possible  sources  of  error  was  compiled  (Table  I). 


reproducible 
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gure  2.  Sling  Psychrome+er  ML-224. 


TABLE  I 


POSSIBLE  SOURCES  OF  ERROR  IN  HUMIDITY  MEASUREMENT 

1.  S I i no  Psych rometer 

a.  Improper  ventilation  (2.5  m/sec) 

b.  Dirty  or  mineralized  water  on  wicks 

c.  Inaccurate  or  unmatched  thermometers 

d.  Radiation  effects 

e.  Thermometer  readings  not  stabilized 

f.  Reading  taken  at  improper  time  (after  wet-bulb  reading  starts 
to  rise  or  before  it  has  reached  its  lowest  point) 

g.  Improper  or  inaccurate  transcr i pt ion  and  reduction  of  reading 

2.  AN/TMQ-22 

a.  Aspiration  rate  too  low  or  too  high 

b.  Measurement  bridge  inaccurate 

c.  Thermistors  inaccurate 

d.  Radiation  effects 

e.  Dew  point  sensor  improperly  balanced 

f.  Improper  operation  while  taking  reading  -  sensor  and  circuits 
not  stab i I i zed 

g.  Improper  reading  of  T-DP  dial 

h.  Inaccurate  transcription  of  data 

3.  Relation  Between  Sensors 

a.  Sensors  not  measuring  same  air  sample  -  must  be  reading  at  same 
place,  same  time,  under  same  conditions  -  extraneous  heat 
sources  must  be  absent 

b.  Time  and  space  variability  of  actual  air  sample  indicates  that 
the  response  time  of  the  instruments  can  affect  reading  -  sling 
psych rometer  has  longer  response  time  than  AN/TMQ-22 

c.  Operator  involvement  -  an  accurate  reading  depends  upon  proper 
procedures  faithfully  followed. 


investigative  Testing 

A  series  of  four  independent  tests  was  Initiated  to  Investigate  this 
discrepancy.  The  two  tests  (#1  and  #3)  performed  by  the  author  were 
carefully  control  led  to  eliminate  a9  many  of  the  error  sources  as 
poss i b le. 

Test  0\ 

This  test  was  performed  by  the  author  at  the  Service  Check  Test  (SCT) 
site  under  conditions  similar  to  those  encountered  durirg  the  SCT.  The 
devices  subjected  to  the  test  were  three  each  AN/TMQ-22' s  and  three 
sling  psych rometers .  Error  eliminating  efforts  included  new  wicking, 
distilled  water,  shading  from  the  sun,  etc.  As  an  immediate  check  the 
readings  were  compared  to  those  taken  concurrently  with  two  Assman 
type  psychrometers  which  had  been  checked  by  the  contractors  who  had 
fabricated  the  AN/TMQ-22's.  Although  it  was  unknown  at  the  time  the 
readings  from  the  #6  AN/TMQ-22  were  to  be  used  as  the  standard  for 
the  reduction  of  the  data. 


Test  n 

This  test  was  also  performed  at  the 
was  made  by  SCT  personnel  using  the 
supervision  although  not  as  closely 
dard  used  for  data  reduction,  again 
ing,  was  # 6  AN/TMQ-22. 


Service  Check  Test  site.  The  ^est 
same  equipment  as  test  #|,  with  close 
controlled  as  test  H\.  The  stan- 
not  known  at  +he  time  of  the  test- 


Test  #3 


This  test  was  made  by  the  author  under  more  stringently  controlled  con¬ 
ditions.  Most  of  the  test  was  performed  in  a  closed  room  in  which  the 
air  had  been  mixed  to  avoid  strata  and  boundary  conditions  as  much  as 
possible.  The  test  was  performed  using  the  #6  AN/TMQ-22,  an  ML-224 
sling  psychrometer  and  an  Assman  type  psychrometer  all  of  whose  temper¬ 
ature  sensors  had  been  calibrated.  The  objective  of  the  test  was  to 
minimize  the  possible  errors  and  to  obtain  readings  over  the  full  range 
of  humidities.  A  minimum  number  of  separate  readings  was  taken  dur¬ 
ing  this  test.  Again  the  standard  for  data  reduction  was  the  #6 
AN/TMQ-22  (for  dew  point  readings). 


Test  #4 


This  test  was  relatively  uncontrolled  and  was  taken  by  personnel  as 
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an  included  duty  to  their  normal  hourly  surface  weather  observations. 
The  devices  tested  were  a  sling  psychrometer  and  #4  AN/TMQ-22.  The 
sensors  were  housed  in  a  standard  meteorological  shelter  until  mea¬ 
surements  were  taken.  Again  the  data  reduction  standard  was  the  #6 
AN/TMQ-22  for  the  dew  point  readings.  This  was  accomplished  by  compar¬ 
ing  the  #6  and  H  sensor  readings  at  various  dew  points  and  construct¬ 
ing  a  calibration  curve  from  these.  The  temperature  sensors  of  the 
sling  and  the  H  AN/TMQ-22  were  calibrated  as  described  in  the  next 
section. 


ASL  Ca I i bration 

Since  the  sling  psychrometers  obtain  wet-  and  dry-bulb  temperature  read¬ 
ings,  and  the  AN/TMQ-22  obtains  "dry-bulb"  and  dew  point  readings,  com¬ 
putations  are  required  to  convert  the  sling  reading  to  dew  point  or 
relative  humidity,  or  the  AN/TMQ-22  readings  to  relative  humidity. 

This  means  that  to  compare  the  two  instruments  some  temperature  correc¬ 
tion  or  correlation  between  them  is  required.  Therefore,  a  temperature 
calibration  was  performed  on  the  H6  AN/TMO-22  at  ASL  in  mid-September 
1969  so  that  data  taken  during  the  Service  Check  Test  and  the  investi¬ 
gative  tests  could  be  correlated  to  a  set  standard  by  intermediate  use 
of  the  #6  unit  readings.  The  calibration  consisted  of  immersing  the 
temperature  sensors  in  a  controlled  bath,  with  a  calibrated  platinum 
resistance  thermometer  as  the  standard,  utilizing  a  Mueller  bridge 
arrangement  as  a  readout. 

The  senso-s  tested  were:  four  thermometers  from  a  pair  of  Assman  psy¬ 
chrometers;  two  thermometers  from  on  ML-224  sling  psychrometer.  and  the 
temperature  thermistor  from  both  the  NBS  dew  point  tested  #6  AN/TMQ-22 
sensor  and  an  AN/TMQ-22  which  had  been  used  In  test  #4.  Calibration 
points  were  every  5°F  from  35°F  to  I05°F. 

The  Assman  psychrometer  thermometers  with  most  closely  matching  read¬ 
ings  were  paired  so  as  to  reduce  error.  The  maximum  observed  devi&Hr' 
of  one  Assman  thermometer  from  its  mate  was  about  O.I°F,  while  the  ob¬ 
served  deviation  of  the  sling  thermometers  was  0.5°C.  Since  the  choice 
of  psychrometers  was  random  it  can  be  assumed  that  a  similar  error 
could  occur  in  any  other  sling  psychrometer. 

NBS  Cal i brat  I  on 

One  of  the  AN/TMQ-22  models  (#6)  check-tested  at  Fort  Sill  was  delivered 
unadjusted  to  NBS  in  June  1969  for  a  calibration  check.  Results  of  the 
testing  indicated  that  the  AN/TMQ-22  model  was  inaccurate  by  no  more 
than  -0.6°C  over  the  range  of  points  checked.  Table  II  lists  the  posi¬ 
tive  temperature  portion  of  the  test  results  from  NBS. 
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TABLE  II 


CHECK  OF  DEW  PO'NT  HYGROMETER 

ML-6 l6/TM0-22(XE-4) 

NBS 

ML-616 

Dew  Point  °C 

Error  °C 

-  0.2 

-0.5 

+  13.8 

-0.4 

+24.  1 

-0.6 

+21.5 

-0.5 

+  9.6 

-0.  1 

-  0.2 

Correlation  of  Calibrated  and  Raw  Data 

-0.2 

Because  the  data  had  been  obtained  from  five  different  sources  (three 
tests  from  SCT  site,  two  from  ASL),  it  was  necessary  to  determine  the 
accuracy  of  the  readings  with  regard  to  a  common  standard.  Since  the 
#6  AN/TMQ-22  had  been  tested  by  NBS,  it  was  decided  that  all  dew  point 
accuracies  be  referred  to  the  NBS  standard  reading.  Only  six  readings 
had  been  taken;  thus,  it  was  necessary  to  construct  an  interpolated 
correction  curve  for  all  the  applicable  dew  points.  While  this  proce¬ 
dure  introduces  an  uncertainty  into  the  correction,  it  is  believed  that 
this  Is  preferable  to  correlation  with  a  standard  of  completely  unknown 
accuracy.  The  same  procedure  was  used  with  the  temperature  accuracies; 
however,  since  check  readings  were  taken  every  5°F  on  the  #6  unit,  no 
appreciable  error  should  exist  between  the  true  temperature  and  the 
assumed  standard  temperature. 


DATA  PRESENTATION 


Relative  Humidity  Ranges 

The  data  sets  were  separated  Into  groupings  of  four  relative  humidity 
ranges,  generally  corresponding  to  high  (I00-65JI),  medium  high  ( 65—50% ) , 
medium  (50-35?),  and  low  (35-0?)  humidities.  This  was  done  for  two 
reasons.  First,  these  groups  were  considered  to  be  more  readily  iden¬ 
tifiable  to  the  readers  of  this  report  in  a  physical  experience  sense. 
Secondly,  the  dew  point  or  wet-bulb  depression  below  ambient  tempera¬ 
ture  varies  Inversely  as  the  humidity;  it  is  apparent,  then,  that  a 
larger  span  between  dry  and  wet  temperatures  will  be  conducive  to  a 
larger  error  in  humidity  calculation.  The  readings  were  partitioned 
so  that  the  possible  large  errors  at  the  low  humidities  would  not 
overwhelm  the  undetermined  errors  at  the  other  humidities  when  obtain¬ 
ing  the  mean  and  standard  deviations. 


Dew  Point  Error  Comparisons 

Tables  III,  IV,  and  V  give  the  number  of  readings  taken,  the  average 
error  and  the  standard  deviation  of  the  dew  point  reading,  for  all  five 
data  sources  for  the  AN/TMO-22  mode! a  and  the  sling  psychrometers. 

Figures  3  through  6  graphically  depict  the  average  error  and  the  stan¬ 
dard  deviation  of  each  source  for  the  individual  humidity  ranges. 
(Standard  deviation  means  that  68$  of  all  the  readings  should  lie 
within  the  limits  imposed,  in  this  case  between  E  +  o  and  E  -  a,  where 
E  is  the  average  error  and  a  is  the  standard  deviation.) 

Figure  7  presents  a  plot  of  the  average  dew  point  error  of  each  source 
for  the  various  humidity  ranges.  Figure  8  is  a  plot  of  the  average 
error  of  all  the  sources  for  the  various  humidity  ranges.  Superimposed 
on  these  averages  are  the  weighted  average  standard  deviations  (weighted 
by  the  number  of  readings). 
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TABLE  Ml 


DEW  POINT  ERROR  COMPARISONS  (SERVICE  CHECK  TEST  SITE) 


—  * 
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DEW  POINT  DEVIATION  FROM  STANDARD  (°C) 


FIG.  3 

DEW  POINT  ERROR  COMPARISON 
100-65%  RELATIVE  HUMIDITY  RANGE 

12 


! 
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FIG.  4 

DEW  POINT  ERROR  COMPARISON 
65- 50% RELATIVE  HUMIDITY  RANGE 
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DEW  POINT  DEVIATION  FROM  STANDARD  (°C) 


DEW  POINT  DEVIATION  FROM  STANDARD  (*C) 


FIG.  6 

DEW  POINT  ERROR  COMFWRISON 
35-0%  RELATIVE  HUMIDITY  RANGE 
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DEW  POINT  ERROR 
ALL  HUMIDITY 
FIG. 7 
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AN/TMQ-22 


Relative  Humidity  Error  Comparisons 


Tables  VI  and  VII  compare  the  relative  humidity  errors  between  the  sling 
psychrometers  and  the  AN/TMQ-22's,  giving  the  number  of  readings,  the 
average  error  from  a  standard  and  the  standard  deviation  for  each  data 
source. 

Figures  9-12  graphically  depict  the  average  error  and  the  standard  de¬ 
viation  for  each  data  source  for  the  Individual  humidity  ranges.  Figure 
13  is  a  plot  of  the  average  relative  humidity  error  of  each  data  source 
for  the  various  humidity  ranges,  while  Figure  14  is  a  plot  of  the  average 
error  of  all  the  data  sources  for  the  various  humidity  ranges.  Super¬ 
imposed  on  these  averages  are  the  weighted  average  standard  deviations. 


TABLE  VI 

RELATIVE  HUMIDITY  ERROR  COMPARISONS 
SERVICE  CHECK  TEST  SITE 


Jdl  a 

AN/TMQ-22's 

Sling  Psychrome rers 

Source 

Relative 

no.  of 

avg. 

standard 

no.  of 

avg. 

stanriar  i 

•  •  ""Humi di ty  Range 

readings 

error 

deviation 

read i ngs 

error 

dev i at i on 

Service  Check  Test 

100  -  65* 

221 

+2 .  i 

5.7 

148 

+  10.9 

5.6 

-  50* 

86 

-0.8 

fl 

82 

+  8.9 

8.2 

50  -  35* 

57 

-0.6 

5.5 

55 

■ 

7.9 

35  -  0* 

66 

+0.5 

4.1 

58 

a 

9.  1 

Test  #\ 

t— : - 

100  -  65* 

33 

-0.5 

2.5 

1 

33 

+3.8 

3.7 

65  -  50* 

63 

+0.3 

n 

56 

+3.2 

2.2 

50  -  35* 

46 

+0. 1 

0.7 

27 

+5.2 

2.3 

35  -  0* 

— 

— 

— 

_ 

Test  #2 

— 

100  -  65* 

— 

1 

i 

4 

] 

— 

65  -  50* 

H 

-0.8 

B 

1 

5 

1 

+  18.5 

8.6 

51"'  -  35* 

27 

-0.0 

B 

22 

+  16.6 

| 

7.0  ^ 

35  -  0* 

55 

-0.6 

i .  i 

65 

+  10.9  ^ 

1 

3  • c  - 

— 

_ l 

-  -  _J 

NOTE:  Average  error  and  standard  deviation  in  percent. 
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PERCENT  RELATIVE  HUMIDITY  DEVIATION  FROM  STANDARD 


FIG.  9 

RELATIVE  HUMIDITY  ERROR  COMPARISON 
100-65%  RANGE 
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PERCENT  RELATIVE  HUMIDITY  DEVIATION  FROM  STANDARD 


FIG. 10 

RELATIVE  HUMIDITY  ERROR  COMPARISON 

65-50%  RANGE 
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FIG.  II 

RELATIVE  HUMIDITY  ERROR  COMPARISON 
50-35%  RANGE 


PERCENT  RELATIVE  HUMIDITY  DEVIATION  FROM  STANDARD 


FIG.  12 

RELATIVE  HUMIDITY  ERROR  COMPARISON 
35-0%  RANGE 
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PERCENT  RELATIVE  HUMIDITY  ERROR  FROM  STANDARD 


RELATIVE  HUMIDITY  ERROR  COMPARISON  COMPOSITE- 

ALL  RANGES 


FIG. 13 
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( nmmert  in  +h  i  section  will  deal  only  with  the  results  of  +('« 

;)nd  fhe  results  of  the  reduction  of  those  data,  the  main  body  of  wniai 
i  presr  ,cd  in  the  figures  cited  previously.  The  results  of  tKe  da*  • 
reduction  have  been  separately  charted  as  error  comparisons  in  r^lati  > 
him’dity  and  also  error  comparisons  in  dew  point  temperature  for  tw^ 
res  ns.  First  many  users  may  be  principally  interested  in  one  but 
not  the  other  parameter.  The  second  and  more  important  reason,  with 
’"•eg.ird  to  this  report,  is  that  the  magnitude  of  the  error  inherent  in 
inn  neasurement  of  each  parameter  is  maximized  at  either  extreme  of 
humi d i ty . 


Measurement  Error 

Effect  on 

Ca 1 cu 1 ated 

Re  1  at  i  ve 

Re  1  at i ve 

Humi d i ty 

30% 

90% 

°  DP  error 

2.7% 

6% 

°  Temp,  error 

2% 

6% 

Measurement  Error 
Effect  on  Calculated  Dew  Point 
Relative  Humidity 
30%  90% 

5%  RH  error  2.2°C  0.8#C 


From  the  above  tabulations,  it  can  be  seen  that,  theoretically,  the 
least  accurate  readings  in  relative  humidity  will  occur  at  high  humid¬ 
ities,  while  conversely  the  least  accurate  dew  point  readings,  calcu¬ 
lated  from  relative  humidity  (or  wet-  and  dry-bulb  readings),  will  occur 
at  low  humidities.  Thus,  if  one  wished  to  observe  the  data  at  their 
worst,  so  to  speak,  he  should  look  at  the  relative  humidity  errors  at 
high  humidities  and  the  dew  point  errors  at  low  humidities.  Examina¬ 
tion  of  Figures  3,  6,  9,  and  12  reveals  that  the  above  holds  true,  in 
general.  An  exception  may  be  notea  in  Figure  12,  which  shows  that  the 
sling  psychrometer  errors  are  still  very  high  for  the  Service  Check  Test 
(SCT)  data  source. 
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,  'i  'no  ;  t  r "  the  r  inure*  5- M  ,  me  li  ted 

i 

» • . *’ r v  1  ‘  curro,  the  dew  point  and  relative  hu- 
‘  t  •  o  I  i  np  i  ,y  hr-  "Meter  were  greater  than  those 


<  ■  ‘  :  **.*••  v  «r v  ,  the  dew  point  and  relative  humidity 

•  r  •  r  t  r  l  ‘  i  >■  1  M  e  1  i  nq  p  yell  remoter  were  equal  to  or 

r  r  ’’t  ar  i  re  ‘  iiti'rv  f  the  AN/TMv-22. 

’  ’’  r  in  t  de  •.  i  1 1 1  or  reeling,  can  be  ascribed  to  lack 

*  '  -  ■  *  *at  a.  ee  F  inure  13  li  it  i  nq  the  compor  i  te  re- 

1  r‘i  i  j  i  r  ,  f  .  f  data  in  the  65-50#  RH  range  were  com- 

’  t  r  *■  '  ;  t  h>  *  tf  t  a  I  data  in  ’he  ^ame  range  were  composed 
‘  '•  i*.  .  ’  .  I  •;».  r  ,  and  the  te  t  r  I  data  were,  therefore,  essen- 

ti  t,  .quil  if  t  he  number  it  t  ervition  nude.  The  test  ft  I  data 

’  r  ?  r  »  I  i  .  r  .y ,  r. re’or  were  in  error  by  about  4#  RH  whi  le  the  SCI 

!  •  »t"  •  ’  *-•  r  ’  bv  rbo.j  t  f 5 .  it  both  ba  e  ,  the  data  taken  with 

‘ht  \  were  at  nr  i  ma  te  I  y  equal  (05  RH  error). 

1.  ii  reteir  ir  i  tc  name  13,  ttie  te  t  /■' 3  aata  in  the  50-35#  re- 

I  rti-vt  ‘mi  i  i  t  y  ranee  wave  in  err  r  by  8#  RH;  however,  this  could  be 

i.  r  i  t  *>  .  ‘  *r.  ‘act  ‘hat  nr  I,  two  data  point  were  in  that  range. 

.  .'.te  •!  r>ur  e  and  a  I  i  huriditv  range  were  combined,  the  results 

wore  a.  *  abu  I  cited  tie  low. 

Dew  point  Error 


fio.  of 

Averaae 

Standard 

•  -■  r 

Read i ngs 

E  r  ro  r 

Devi  at  ion 

1  ,028 

0.0°C 

0.9°C 

h  r  ■  ’  +  f  r 

908 

+2. 7°C 

2.6°C 

‘•e  1  alive  Humidity 

Error 

No.  of 

Average 

Standard 

t  r  ■  r 

Read i ngs 

Error 

Dev i at i on 

CM  7 

+0.5# 

4.9# 

1  y.h''  meter 

5  06 

+9.4# 

7.2# 
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6.  a.  In  every  case  for  every  dal <3  'ur  re,  the  relative  humidity 
average  error  for  the  AN/TMQ-22  was  lo  :  h  m  -4/ 

b.  In  every  case  for  every  „ource ,  the  Jew  p  ini  -\r,  „  ,  <  ■  cy  i  r 

the  AN/TMQ-22  was  less  than  or  enual  +  o  -H°C. 


c.  In  all  cases,  the  author1  reading.  •  f  th  iss  ;  /cj-r  r-,-  e., 
for  relative  humidity  were  the  only  on«  having  an  .nor  of  It 

9%  R.f  . 


CONCLUS  1 01/ 


Accuracy  Comparison 

1.  The  AN/TMQ-22,  on  the  average,  will  yield  more  at  :ur  ate  jew  ,  i-l 
and  relative  humidity  data  than  will  a  utandard  line  [-  yt‘r  >"  ter  • 
matter  what  operator  is  using  the  set.  Th  i  is  apparent  in  >.  /erv 

charted  figure. 

2.  If  care  is  taken  in  making  the  measurer, ent  with  the  Al./t’t  ,  i 

appears  that  relative  humidity  data  can  be  accurate  t  .-.it*  r  il  ‘  * 

RH  on  the  average;  the  dew  point  data  can  be  accurate  r  *  0  •*.. 

average. 

3.  If  care  is  taken  in  making  measurements  with  the  line  psychrometer, 
the  relative  humidity  error  can  be  accurate  to  +4"  Rl  ;  the  dew  c  i r  * 
readings  can  be  accurate  to  +1  to  2°C  on  the  average. 


4.  From  reviewing  the  data  taken  by  all  opera!  >r  per;  nnel  it  TPea’ 
that  the  sling  psych rometer  readings  will  be  in  error  bv  at  Ic-a  t  "9 

Relative  Humidity. 


Reasons  for  Discrepancy  Between  the  Sling  Psych  rometer  and  Ar,  - 

From  the  data  taken  and  the  accuracy  tests  made  n  the  *  jir’-e^t,  n  . 
the  various  psychrometer  errors  cited  in  Appendix  f-,  it  is  apparent  t*  t 
the  Meteorological  Measuring  Set  AN/TMQ-22  i  s  a  mere  acrur  :ft-  :r  - 
metric  device  than  the  sling  psychrometer. 

The  reasons  for  the  inaccuracies  in  the  ling  p  v  hr  "M.-t  ■  :irn 
be  ascribed  to  any  one  or  any  combination  of  the  err  r  „r  i 
in  Table  I;  however,  it  is  the  author’s  opinion  that,  primarily,  the 
errors  can  be  ascrioed  to  the  following: 

I  .  Too  low  a  ventilation  rate  and  time,  a  combinati  'n  *.  r  r 

observation  it  appears  that  generally  the  operator  will  rotate  the  lira 
initially  at  the  proper  speed  ('v  2  m/sec),  tut  that  in  manv  ca'  e  ,  due 
to  arm  fatigue,  the  rotation  will  slow  down  and  the  poratr  will  1  to 
a  reading  earlier  than  he  should.  Th  i  re<ulli  in  a  hianer  4:  •  t  a  I 
wet-bulb  reading  and  a  higher  calculated  re  I  * f i ve  humi  ’itv. 
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lijc^urato  t  et  nion.e  ler  t> .  Usually  the  operational  procedure  is  to 
?  •  ■  i  *■  *-hp  t- •  *e •  supplied  with  the  sling  or  the  spare 
-iet<  ■  r f , rt i  fr  i  iost.iv  agree  as  the  measuring  device.  In  either  case, 
iry  r rcr  in  the  f hermometer ( s )  is  transferred  to  an  error  in  the  cal- 
j  I  a ■ ed  relative  humidity. 

5.  Radiation  effects.  Depending  upon  conditions  of  use,  the  thermo¬ 
meters  are  cen^itive  to  anv  source  of  radiant  heat  whether  directly 
from  the  sun's  rays,  sun  rays  reflected  from  a  surface,  or  from  the 
;nei  mometer  bemq  too  close  to  a  body  which  has  stored  heat  energy. 
ror  example,  between  readings  the  sling  psychrometer  was  placed  on  a 
,.U!e  di’eciiy  in  the  sun's  rays.  The  thermometer  and  the  sling,  hav¬ 
ing  >t  be=>t,  gave  a  higher  than  actual  reading.  As  a  further 

■  ample,  e\en  the  proximity  ot  the  observer's  hand  to  the  thermometer 
1  li»  p  ’  educed  a  reading  a  few  tenths  of  a  degree  higher  than  actual. 

4.  Time  and  space  .  ariability.  In  the  measurements  made  during  these 
tests,  a  single  operator  first  manipulated  either  the  sling  or  the 
AN/TMQ-2?  and  then  the  other,  in  periods  of  partly  cloudy  and  gusty 
weather,  the  temperature  measured  varied  erratically  over  a  small 
range  (1-2°).  The  very  tact  that  the  two  readings  were  taken  at  dif¬ 
ferent  times  would  then  make  apparent  the  fact  that  a  close  correlation 
>3  not  possible. 

b.  Operator  Involvement.  In  the  opinion  of  the  author,  this  is  the 
most  serious  and  significant  source  of  error.  If  this  could  be  elim¬ 
inated,  many  of  the  other  error  sources  would  become  less  significant. 
Briefly,  operator  involvement  means  that  the  operator  shall  exercise 
care  in  taking  the  measurements  and  shall  have  some  knowledge  of  and 
appreciation  for  causes  of  error  in  his  measurement.  Even  though  in¬ 
structions  are  given  in  the  use  of  the  sling  psychrometer,  the  con¬ 
stant,  repetitious  nature  of  the  measurer:. t1  can  dull  the  enthusiasm 
even  of  one  who  is  interested  in  the  final  outcome  of  the  testing. 

Some  observers  will,  of  course,  take  data  more  carefully  than  others. 
Therefore,  during  normal  field  usage,  operator  involvement  will  be 
present  and  no  correc+'\e  actions  will  be  effective. 

In  each  «.  f  these  instances,  errors  can  enter  into  the  calculations. 

Thus,  it  is  concluded  that  the  "tightening  up"  of  instructions  would 
not  s i gn i 1 1  cant ly  affect  the  overall  accuracy  of  the  measurements  over 
a  period  o*  time.  Therefore,  if  the  sling  psychrometer  is  utilized  In 
a  field  environment,  a  relative  humidity  error  of  at  least  +9%  should, 
in  general,  be  expected;  however,  as  was  shown,  with  a  properly  calibrated 
AN/TMQ-22,  used  by  any  operator,  a  relative  humidity  error  of  about  1$ 
can  be  expected  if  the  temperature  correction  factors  are  known. 

'wo  appendices  have  been  added  to  this  report.  Appendix  A  has  been 
wrilten  to  assess,  for  various  army  field  operations,  the  effect  of 
the  above  judged  9%  relative  humidity  error  in  sling  psychrometer 
readings.  Appendix  B  has  been  included  to  provide  a  very  brief  his¬ 
torical  note  on  the  development  of  the  two  humidity  measuring  devices 
and  also  to  point  out  what  a  very  few  other  investigators  have  de¬ 
termined  concerning  psychrometr ic  errors. 
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APPENDIX  A 


EFFECTS  OF  RELATIVE  HUMIDITY  ERROR 

The  effect  of  relative  humidity  error  on  A-my  field  operation  <  v  be 
illustrated  by  the  three  examples  which  follow.  The  assumpt i on  rrcJe 
is  that  the  sling  psych rometer  is  utilized  and  yields  a  relative  humid¬ 
ity  that  is  9%  higher  than  the  actual  value.  For  simplicity,  it  will 
be  assumed  that  the  error  occurs  only  in  the  wet-bulb  thermometer,  not 
the  dry-bulb.  Errors  are  attributable  to  both;  however,  the  end  result 
of  the  calculations  will  be  approximately  the  same. 

The  examples  chosen  are  the  effect  on  ( I )  density  altitude;  (2)  temper¬ 
ature-humidity  index  (THI);  and  (3)  an  artillery  shell  trajectory. 


Density  Altitude 

the  density  altitude  reading  Is  important  as  a  means  of  asse^si  y  proper 
loading  with  respect  to  the  lift  ability  of  an  aircraft. 

io  determine  the  effect  of  RH  error,  four  typical  sites  were  chosen, 
and,  based  upon  data  from  a  Natick  Laboratory  report  [2],  reasonable 
maximum  temperatures  and  dew  points  were  chosen  for  each  site,  fne 
density  altitude  was  then  calculated  for  this  set  of  readings  and  then 
for  a  second  set  of  readings  where  the  dew  point  represented  an  error 
of  +9Jt  in  relative  humidity.  The  calculated  density  altitudes  and 
errors  are  shown  below. 


Location 

Station 

Height 

(Feet) 

Typical 
Density  Alt. 

( Feet) 

9%  Adjusted 
Density  Alt. 
(Feet) 

Error  in 
Dens i ty  Alt. 

( Feet ) 

Saigon,  S.  Vn. 

30 

2715 

2779 

64 

Taipingsze,  China 

1640 

4981 

5054 

73 

Madrid,  Spain 

2188 

6177 

6289 

1  12 

Meshed,  1  ran 

3104 

6764 

6850 

86 

Thus,  the  error  in  relative  humidity  results  in  a  density  altitude  50 
to  100  feet  higher  than  actual  under  extreme  conditions. 
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1  r  jt  jr  *-  '..mi  j  i  ;  /  Index  i’ltl  ! 

In..  r*.nrj,».r  .  f  i .  r .  '-n  jm  i  <  i  i  t  y  index  i  presently  being  used  as  a  means  of 
'■  nv./i  ps  >i  di  cc-mt  rt  cue  to  weather  conditions.  Althouqh  other 
i  i.o  t  iv1  tienn  oev  i  ,ea  which  are  probably  more  representative,  the 

lei  hit  gained  trie  greatest  acceptance. 

lb..*  f  is  al..ulated  t",  rhe  use  of  the  formula  THI  =  (T^  +  Tw)0.4  +  lb 
wtie,-e  I  j  i  s  the  dry-bulb  temperature  in  °F,  Tw  the  wet-bulb  temperature, 
■•y  definition,  a  Thl  of  70  means  that  no  one  is  uncomfortable,  whereas 
i  reading  of  00  indicates  that  everybody  is  uncomfortable,  and  higher 
r ;d  i  r  g  indicate  That  work  efficiency  or  amount  will  decrease  propor- 
t  i  f  ifaly. 

I.  i  t  jr;  3.  of  comparison,  a  basic  THI  of  84  ''as  chosen  since  this  in¬ 
ti  r.  trie  nignesf  value  for  non-deqenerat i ve  human  operation.  A  THI 
f  *  ano  m  air  temperature  reading  of  90°F  will  mean  a  relative  humid- 
i  t  V  ’  7  3X.  i  *  me  now  works  backward  and  assumes  this  is  the  reading 
obtained  which  was  in  error  by  + 9 %  RH,  the  actual  condi ton  will  be 
tOX  R!  with  a  THI  of  83.  It  appear,,  then,  that  in  this  range,  an 
error  of  I  OX  Rh  wi  I  I  cause  an  error  in  THI  of  1°. 


Artillery  ProiuClile  Firinq 

- - -  .  >  -  -  M 

Hie  primary  meteoro I oq i ca I  factors  affecting  the  trajectory  of  a  bal- 
listi  device  are  wind,  air  temperature,  and  air  density.  The  relative 
humidity,  in  turn,  affect  the  value  of  the  air  density. 

The  ,  we  a  .umpfions  concerning  the  error  will  be  made  as  were  made  for 
trie  cj  I  u1  at  ion  of  den.ity  altitude  in  the  previous  section,  namely, 
a  RH  error  attributable  only  to  the  wet-bulb  reading. 

A  complete  radi  sonde  flight  data  reduction  was  not  attempted  since 
thi  arip’-oj  1  will  affect  the  final  solution  very  slightly.  The  pro- 

Mem  top  cce  I  i  led  below. 

e  Artillery  Altitude  Dressure  Density  Chart  ML-574A.  Assume  a 
-we  ir  •enperafure  of  50°C  and  a  pressure  of  1000  mb.  The  effect 
t  i  COX  r'p  I  ci  t  i  ve  humidity  on  virtual  temperature  is  8°C.  Since  the  as- 

wed  -  h  error  is  +  I0X,  the  effect  will  be  an  error  in  virtual  temper- 

•} Tuna  * 

‘  Table  for  Artillery  Meteorology.  The  effect  on  the 

er  '  t  *  any  ’ '  1  .  jrf  ace  a  i  r  dens  i  ty  caused  by  a  +0. 8°C  ch  jnge  i  n 

/ 1  '  *  j  1 1  t--mp..T  a‘  w  rp/ij  40°C)  at  1000  mb  is  -0.2%. 
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NOTES  PSYCHROMETER  ERRORS 

There  are  numerous  methods  of  detecting  water  vapor  in  the  air,  ranging 
the  gamut  from  pure  psychrometr i c  devices  to  dew  point  hygrometers  to 
spectroscopic  hygrometers  and  beyond. 

The  two  basic  psychrometers  in  use  today  are  the  sling  psychrometer 
and  the  motor-ventilated  psychrometer  such  as  the  Assman  type.  Unas- 
pi rated  types  are  also  used,  but  their  accuracy  is  in  doubt.  According 
to  Symons  [3],  the  first  use  of  a  wet-bulb  thermometer  to  determine 
humidity  was  by  Hutton  in  1792.  In  1802,  Boeckmann  was  making  obser¬ 
vations  with  a  wick-covered  thermometer,  and  finally  in  1817,  Gordon 
used  a  silk-covered  thermometer.  From  these  beginnings  the  sling  psy¬ 
chrometer  was  developed  that  is  still  in  current  field  use.  A  motor- 
ventilated  psychrometer  was  developed  by  Assman  just  prior  to  1900  and 
also  is  in  field  use. 

The  dew  point  hygrometer  principle  was  first  discovered  by  Regnault  in 
1845,  and  that  instrument  is  considered  a  primary  standard  today. 

Although  tests  must  have  been  made  regarding  the  accuracy  of  the  sling 
psychrometer,  none  was  found  in  the  author's  limited  literature  search; 
however,  various  articles  and  publications  discuss  probable  error 
causes  and  possible  errors. 

The  World  Meteorological  Organization  Guide  [4],  in  a  section  on  the 
measurement  of  atmospheric  humidity,  lists  several  error  sources,  all 
of  which  were  noted  in  this  report.  A  statement  on  general  accuracy 
concluded  that  if  a  0.5°C  error  existed  in  the  wet-bulb  reading,  it 
would  mean  a  2%  RH  error  at  +I5°C  and  a  7 1  error  at  +5°C.  In  addition, 
the  American  psychrometer  tables  are  based  upon  a  ventilation  rate  of 
1-1.5  m/sec,  and  variations  from  this  would  alter  the  psychrometr ic 
constant  and  thus  the  calculated  humidity. 

In  Humidity  and  Moisture  C53,  a  collection  of  papers  based  on  a  sympo¬ 
sium  he  I d  in  1963,  Bindon  of  the  Canadian  Department  of  Transport  stated 
that  an  error  of  0.2°C  in  wet-bulb  depression  would  cause  a  3%  RH  error 
at  + 1 0°C .  He  also  warned  that  pressure  influences  could  be  consider¬ 
able  if  not  used  in  the  calculations  of  relative  humidity. 

Best  [6]  conducted  tests  to  determine  the  most  suitable  instrument  to 
measure  wet-  and  dry-bulb  temperatures  aboard  ship  by  a  relatively  un¬ 
skilled  observer.  The  equipment  tested  included  two  types  of  sling 
psychrometers  and  two  types  of  Assman  psychrometers.  He  concluded  that 
3  modified  As.  man  unit  was  the  best  choice.  (The  dimensions  of  the  mod¬ 
ified  unit  ar-'  tne  ones’ in  use  today.)  He  also  stated  that  the  slings 
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compared  very  well  with  his  standard;  however,  he  quoted  only  a  single 
mean  of  the  ratio  of  depression  between  the  sling  and  his  standard, 
and  so  no  really  definitive  values  were  obtainable. 

In  a  report  from  US  Air  Force  Cambridge  Research  Laboratories,  Lenhard 
and  Weiss  [7]  examined  and  made  an  error  analysis  of  an  AN/TMO-II  hu- 
mi  d  i  ty-temperature  measuring  set.  The  test  data  were  from  field  obser- 
vatl  ons  made  with  the  AN/TMQ- 1  I  and  sling  psychrometer  ML-24.  They 
concluded  that  the  random  observing  error  of  the  ML-24  was  greater  than 
the  AN/TMQ-II.  The  readings  between  the  sets  were  compared,  and  a 
statement  was  made  to  the  estimated  difference  between  the  readings. 
Unfortunately,  there  was  no  predetermi ned  measurement  standard  used  and 
so  the  question  of  actual  accuracy  still  remains;  however,  since  a  cor¬ 
relation  could  be  made  between  the  two  devices,  the  offset  error  is, 
in  effect,  discernible  but  not  assessable. 
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